Preservation of the cingulum in anterior teeth have been recommended however with recent ceramic restorations its contribution to internal adaptation and fatigue resistance needs further study.
INTRODUCTION
Nowadays restoration of maxillary anterior teeth have been challenging especially when the tooth has to be restored with full coverage restoration due to the need to fulfill the esthetic, mechanical and biological requirements.
In order to fulfill those biomechanical, esthetics and functional purposes we must preserve the sound tooth structure, marginal integrity, the periodontium, structural durability and to provide adequate resistance and retention form (1, 2) .
Studies have shown that the preparation design greatly affect the resistance and retention form of a restoration (3) . Jorgenson in 1955 (4) stated that whenever the convergence angle of the preparation increases the less its ability to retain the restoration. Therefore in order to obtain a retentive restoration parallel walls are required; however studies showed that parallel walls increase the risk of undercuts and therefore affect the seating of the restoration. Resistance form is also affected by the taper of the preparation as increasing the taper of the preparation will decrease its resistance (5) .
Mostly in maxillary anterior teeth the direction of functional forces directed from the palatal towards the labial in a horizontal direction may tend to torque or rotate the restoration which may lead to its fracture or even dislodgement. So sufficient tooth structure must be removed specially at the functional area using ceramic restoration to give maximum bulk of restoration that can resist fracture of both restoration and tooth underneath. However although conservation is preferred but complete coverage ceramic restoration could be the better choice by most of the patients nowadays.
One of the most important aspect of the success of the restoration is the marginal integrity, as poor marginal fit can result in periodontal disease, recurrent caries, cement dissolution and finally failure of the restoration (6, 7) . In a study made by McLean and Von Fraunhofer in 1971 (8) after evaluation of nearly 1000 metal ceramic crown they found a maximum discrepancy of 120 um for the restoration to be clinically acceptable, however other authors (9, 10) found that 100 um marginal discrepancy is ideal for the longevity and success of a restoration.
The load bearing capacity of a restoration doesn't only depend on the fracture resistance of the material but also on the adequate preparation design that allow for adequate material thickness (11, 12) .The shape of the preparation may also affect the stress occurring at the ceramic-tooth complex (13) . Oyar et al in 2014 (14) studied the effect of anatomic and non-anatomic preparations on the stress distribution on ceramic crowns; they found that for Empress crowns non anatomic design can be recommended as a favorable preparation design. before cementation while after cementation it was found that group B recorded statistically nonsignificant (P>0.05) higher marginal gap mean value (37.15±5.34 µm) than group A (34.2±4.84 µm). while for the internal adaptation it was found that group A recorded statistically significant higher internal gap mean value (91.93±17.41 µm) than group B (57.97±14.08 µm). It was found that Group B recorded statistically non-significant higher fatigue resistance mean value (1130.58±31.53N) than Group A (1114.84±45.04N).
Invitro testing of dental materials is important to determine the mechanical behavior of the restoration, however it was proven that static loading of the material in a universal testing machine until failure doesn't provide adequate information about the long term clinical performance of the restoration (15) . Thus it was generally agreed that fatigue resistance is the most representative of the clinical situation (16) .
Therefore the purpose of this in vitro study was to evaluate the internal fit, marginal integrity and fatigue resistance of E-max CAD crowns restoring maxillary central incisors with two different preparation designs.
The null hypothesis was that there will be no difference in the internal fit, marginal integrity and fatigue resistance of E-max CAD restorations for both prepared designs (anatomic and non-anatomic).
MATERIALS AND METHODS
In the present study twenty defect free human maxillary central incisors were selected having the following inclusion criteria to be restored with E-max CAD crowns.
Inclusion criteria:
a) All teeth were free from caries, restoration or cracks.
b) Teeth were selected having similar dimensions which was checked by digital caliper mesiodistal, bucco-lingual and inciso-gingival. c) Teeth were not endodontically treated or previously prepared.
Teeth were collected from the oral surgery clinic at the Faculty of Dentistry, Cairo University.
All teeth were randomly distributed then centrally embedded in epoxy resin blocks 1mm below cemento-enamel junction using specially constructed paralling device. This helped in easy handling of the specimens.
Teeth samples were randomly divided into two groups according to the preparation design:
Group A (numbered from 1 to 10) in which preparation was done following the principles of preparation for ceramic restoration in which labial surface of the tooth was reduced in two planes, 1.5 mm labial reduction, 1mm palatal axial reduction and 2-mm incisal reduction using diamond tapered stone with rounded end (17, 18, 19) , 1.5 mm lingual reduction was done by football-shaped stone, the convergence angle of the buccolingual axial walls was 20 degrees which was adjusted by the stone taper (20, 21) , 1mm shoulder finish line with rounded internal line angle was made 1mm above the cemento-enamel junction (17, 18) (Fig. 1 .A). All preparation dimensions were verified by silicone index, which was made before the preparation. Finishing of the prepared surfaces to a final smooth preparation with rounded line and point angles.
Group B (numbered from 11 to 20) preparation was done similar to group A except for modification in the palatal surface where the palatal axial wall at the cingulum area was removed by a tapered diamond stone. So the difference between group A and B was that group B did not have parallel labiolingual axial walls ( Fig. 1.B ). All preparations were done by one operator for standardization. After first tooth preparations for each group (A, B) another silicon index was made for the prepared tooth in order to standardize the preparation in all teeth in each group.
Scanning was done using powder free Identica hybrid scanner (Medit 02855] 23, Inchon-ro 22-gil, Seongbuk-gu, Seoul, Korea), the standard preparation was also checked during scanning procedure. Designing was made by Exocad software version 2016 (Exocad Gmbh Julius-Reiber-Strabe 37, 64293 Darmstadt, Germany) and die spacer was set to be 60um then the restorations were milled by Roland DWX-510 milling machine (15363 barranca Parkway Irvine, California 92618) from Emax CAD blocks (LT) (Ivoclar Vivadent AG, 9494 Schaan, Liechtenstein). The partially crystalized Emax CAD crowns were then subjected to crystallization according to the manufacturer's instructions in Programmat p310 (Ivoclar Vivadent, Schaan, Liechtenstein).
Try in was made for each restoration over its corresponding prepared tooth.
Duplication of the prepared teeth was done to construct epoxy resin die which were given the same number of the prepared teeth on which the E-max CAD crowns were cemented.
Measurements
All measurements were done blindly to avoid performance bias.
Internal and marginal integrity
Internal discrepancy was measured using replica technique. Each restoration was filled with lightbody silicone (Panasil, Kettenbach GmbH and Co. KG, Eschenburg, Germany) and inserted on the corresponding prepared tooth under a constant load (750 g) for 10 min, by means of a loading device. After the light-body silicone had set, the crown was removed. Since it was not possible to remove the light-body silicone from the interior portions of the crown without distorting it, a heavy-body silicone was used to stabilize the light-body silicone. Using a razor blade (n°. 15c), the replicas were carefully sectioned into four equal segments buccolingual and mesiodistally.
From the four sections obtained from each replica, two opposite sections were used to measure internal fit, with five points measured on each section (finish line, axial wall, mid-axial, inciso-axial and mid-incisal), yielding 20 internal measurements for each coping. Using USB digital microscope with built in camera (Scope Capture Digital Microscope, Guangdong, China) at ×25 magnification. The light-body silicone thickness for all replicas was measured, representing the distance between the internal surface of the coping and the external surface of the preparation.
A digital image analysis system (Image J 1.43U, National Institute of Health, USA) was used to measure and qualitatively evaluate the gap width. Within the Image J software, all limits, sizes, frames and measured parameters are expressed in pixels. Therefore, system calibration was done to convert the pixels into absolute real world units (i.e. um). Calibration was made by comparing an object of known size (a ruler in this study) with a scale generated by the Image J software.
Marginal integrity after cementation
Restorations were then surface treated using Hydrofluoric acid 9% for 10s (porcelain etchant Bisco; Schaumburg, IL USA) followed by application of silane coupling agent (Bisco; Schaumburg, IL USA) then cemented on its corresponding epoxy resin dies using dual cured self-adhesive resin cement (Breeze, Pentron Clinical Technologies Wallingford, CT, USA), mixing of the cement was done using automatic mixing tip to ensure the consistency of the cement the cement was applied on the intaglio surface of the restoration and placed on the corresponding resin die using finger pressure for initial seating followed by using loading system in order to stabilize the load during cement setting. Application of light was made initially for each surface for 20s then excess cement was removed then light was applied for proper curing, after 24 hours from complete setting of the cement marginal gap was measured. All specimens were preserved in saline solution at room temperature before testing.
Each specimen consists of E-max CAD crown cemented on the corresponding resin die was photographed using measuring Stereomicroscope (Nikon Eclips E600, Tokyo, Japan) connected with an IBM compatible personal computer using a fixed magnification of 45X (Fig. 2) . A digital image analysis system (Image J 1.43U, National Institute of Health, USA) was used to measure and qualitatively evaluate the vertical gap length. Within the Image J software, all limits, sizes, frames and measured parameters are expressed in pixels. Therefore, system calibration was made as done before. Specimens were held in place over their corresponding dies using a specially designed and fabricated holding device. Shots of the margins were taken for each specimen. Then morphometric measurements were done for each shot [3 equidistant landmarks along the cervical circumference for each surface of the specimen (Mesial, labial, distal, and palatal). Measurement at each point was repeated five times. Then the data obtained were collected, tabulated and then subjected to statistical analysis.
Mechanical aging
Mechanical aging was performed using a programmable logic controlled equipment; the newly developed four stations multimodal ROBOTA chewing simulator integrated with thermo-cyclic protocol operated on servo-motor (Model ACH-09075DC-T, AD-TECH TECHNOLOGY CO., LTD., GERMANY) ROBOTA chewing simulator which has four chambers simulating the vertical and horizontal movements simultaneously in the thermodynamic condition (between 5 °C/55 °C). Each of the chambers consists of an upper Jackob's chuck as hardened steel antagonist holder that can be tightened with a screw and a lower plastic sample holder in which the specimen can be embedded (Fig. 2) .
The specimens were embedded in Teflon housing in the lower sample holder. A weight of 5 kg, which is comparable to 49 N of chewing force was exerted with 10,000 cyclic fatigue loading which was done in a study done by Larsson et al in 2007 (22) . (Table 1) . 
Fatigue resistance
After 24hrs of cycling loading the cemented restorations were individually mounted on a computer controlled materials testing machine (Model 3345; Instron Industrial Products, Norwood, MA, USA) with a load cell of 5 kN and data were recorded using computer software (Instron® Bluehill Lite Software). Specimens were secured to the lower fixed compartment of testing machine by tightening screws. Fatigue resistance test was done by compressive mode of load applied at 135° angle (through fixing the sample in specially designed 45° angle jig) using a metallic rod with round tip (3.4 mm diameter) attached to the upper movable compartment of testing machine traveling at cross-head speed of 1mm/min. with tin foil sheet in-between to achieve homogenous stress distribution and minimization of the transmission of local force peaks. Double blinding was applied in both fatigue resistance measurements and with statician who made the statistical analysis. The load at failure manifested by an audible crack and confirmed by a sharp drop at loaddeflection curve recorded using computer software (Bluehill Lite Software Instron® Instruments). The load required to fracture was recorded in Newton.
RESULTS
The results were analyzed using Graph Pad Instat (Graph Pad, Inc.) software for windows. A value of P<0.05 was considered statistically significant. Continuous variables were expressed as the mean and standard deviation. After homogeneity of variance and normal distribution of errors had been confirmed, two -way analysis of variance was performed. Student t-test was done for compared pairs. Sample size (n=20) was large enough to detect large effect sizes for main effects and pairwise comparisons, with the satisfactory level of power set at 80% and a 95% confidence level.
Internal gap
Descriptive statistics of internal gap (µm) showing mean, standard deviation (SD), minimum, maximum and 95% confidence intervals (low and high) values for both groups are summarized in (table 2) and graphically drawn in (Fig. 4) .
It was found that group A recorded statistically significant higher internal gap mean value (91.93±17.41 µm) than group B (57.97±14.08 µm) as indicated by two-way ANOVA test (P=0.> 0.05) as shown in (table 2) and (Fig. 3) 
Marginal integrity
Descriptive statistics of marginal gap (µm) showing mean, standard deviation (SD), minimum, maximum and 95% confidence intervals (low and high) values for both groups before and after cementation are summarized in table (3) and graphically drawn in figure (5) .
Comparison between marginal gap before and after cementation for each group a) Group A; it was found that cemented subgroup
recorded statistically significant (P<0.05) higher marginal gap mean value (34.2±4.84 µm) than non-cemented subgroup (25. 39±3.24 µm) as indicated by paired t-test as shown in table (3) and figure (4). 
Fatigue resistance results
Descriptive statistics of fatigue resistance test results; mean values, standard deviation (SD) and confidence intervals (95% CI) (low and high) for both groups after aging are summarized in table (5) and graphically drawn in figure (5) .
It was found that Group B recorded higher fatigue resistance mean value (1130.58±31.53N) than Group A value (1114.84±45.04N).
The difference between both groups was statistically non-significant as indicated by t-test (t = 1.3, p value = 0.588 > 0.05) 
DISCUSSION
The purpose of this in-vitro study was to evaluate the internal adaptation, marginal gap before and after cementation and the fatigue resistance after cyclic loading of E-max CAD crowns on two preparation designs of maxillary anterior teeth.
In this study defect free extracted maxillary central incisors were collected according to previous inclusion criteria. Two different preparation designs of ceramic E-max CAD crowns were conducted. Teeth were prepared according to clinically established preparation criteria for all ceramic restoration. The preparations were done by the same operator for standardization.
Two indexes were made first one to evaluate the amount of reduction on first prepared tooth and the second index for duplication of same preparation for remaining teeth.
Although various machinable materials are available for fabricating all ceramic restorations using CAD/CAM systems, E-max CAD blocks were chosen because they have the advantages of long term clinical acceptability, high mechanical as well as esthetic properties and its bondability.
Internal fit, marginal adaptation and fatigue resistance after cyclic fatigue loading were chosen in this study as they are among the critical factors that There are different methods to evaluate the internal and marginal adaptation, in this study the replica technique was used as it have been widely used as a non-destructive method which requires seating of the restoration on the prepare tooth using the impression material instead of the cement and then after setting the impression is carefully separated and the cement layer analogue is measured (23) . Fatigue loading was performed for all the specimens to mimic the oral conditions as it was proved to have an effect on retention and fracture strength of dental ceramics. As ceramics are brittle materials having pre-existing flaws and cracks which with repeated loading fuse to a growing fissure that weakens the restoration (24, 25) . Therefore, it was more relevant to test the specimens under fatigue load instead of monostatic single loading. Cementation of the restoration and fatigue loading were done on epoxy resin die as its modulus of elasticity is similar to that of the dentine.
10,000 cycles were carried out under 49 N load at a frequency of 1 Hz which was done in a similar study carried out by Larsson et al in 2007 (26) .
Studies have shown that thermocycling is important to simulate clinical environment in most of the studies the temperature falls in the range of 5-55°C which the ISO standard indicated as an appropriate temperature extremes (27) .
The most common type of ceramic restoration failure is due to its fracture under fatigue which is mostly related to the resistance form that is why resistance considered more important than retention especially in anterior restorations.
Application of load in the universal testing machine at 135° angle on the palatal surface to simulate the clinical condition as it was reported by Guzy and Nicholls (28) that loading angle of 135° simulates the contact angle observed clinically between the maxillary and mandibular anterior teeth. Double blinding was applied with all measurements (internal adaptation, marginal gap and fatigue resistance) and with statician to avoid performance bias.
The null hypothesis was partially rejected as there was statistically significant difference in internal and marginal adaptation before cementation between the two different preparation designs for Emax CAD crowns. While it was accepted as non-anatomic group (B) showed higher fatigue resistance as well as marginal gap after cementation than anatomic group (A) but with no significant difference.
The results of the marginal and internal adaptation were in accordance with study done by Seo et al in 2009 (29) which showed difference in marginal and internal gaps with different preparation designs. Nawafleh et al in 2017 (30) mentioned that measuring the marginal adaptation of a restoration is affected by many variables including the type of the study weather invivo or invitro, the method used for measuring, the number of measurement taken and whether measurement is taken before or after cementation. It was found that marginal discrepancy is directly affected by cementation which was in agreement with many studies showing higher marginal gap after cementation of the restoration (31) (32) (33) (34) (35) this was in accordance with the results obtained in this study which showed higher marginal gap after cementation in both groups as well as between samples of the same group.
As group A showed significant less internal adaptation which allowed for more cement thickness which may affect its fatigue resistance compared to group B. This was in accordance with other studies which showed that the internal and marginal adaptation of a restoration affect its fracture resistance where the increase in the marginal and internal gap adversely affect its fracture resistance (36, 37) .
On the other hand the performance of ceramic crown is dependent on many factors one of which is the configuration of the preparation (14) in this study the difference in preparation designs affect the fatigue resistance of the restoration with the preparation with the palatal wall eliminated offers higher fatigue resistance (1130.58±31.53N) than the preparation with parallel labiolingual wall (1130.58±31.53N) but with no significant difference. There were no studies found that evaluated the fracture resistance of the two preparation design. However Bintivanou et al in 2017 (38) showed difference in retention and resistance form of the two preparation designs for maxillary anterior teeth. Further invitro studies evaluating other parameter as construction techniques and different types of ceramics as well as cement types in addition to the long term clinical studies that are highly recommended.
CONCLUSION
Within the limitation of this study the following could be drawn:
1. Different preparation designs (anatomical and non-anatomical) for anterior maxillary teeth affect the marginal adaptation of the restoration which was statistically significant only before cementation.
2. The internal adaptation of the non-anatomic preparation design considered higher than anatomic preparation one but both were within clinical acceptance.
3. Preparation with elimination of the palatal wall (non-anatomic design) showed insignificant higher fatigue resistance after thermocyclic loading than preparation with parallel labiolingual walls (anatomic design).
